Background. Malnutrition is a public health problem in Vietnam. Child health and the status of women have been targets for various health programs in the country. In general, reports in the literature suggest that care is positively correlated with positive nutritional status of children. In the household, the father is considered a resource for care. However, the role of paternal care in health programs has not received the attention it deserves.
Introduction
Childhood malnutrition is a "silent emergency" in the world [1] . Vietnam is a country that still has a high rate of malnutrition (stunting and underweight) among children under 5 years of age. The effect of care on child survival, growth and development has been studied since the 1950s. Bowlby in 1969 [2] described the influence of care on the psychological development of children. In later studies, researchers proved that there was a positive relationship between care and different aspects of child survival, growth, and development [3, 4] . Recently, as a result of the findings that income does not have as strong an effect on the nutritional status of children as previously thought, Engle suggested that the issue of care should receive greater attention [5] . In general, care is defined as "the behaviors and practices of caregivers (mothers, siblings, fathers and child-care providers) to provide the food, health care, stimulation, and emotional support necessary for children's healthy survival, growth and development" [6, 7] . This definition explicitly includes the role of the father as an important factor in child health and development. Some experimental studies in the United States, Turkey, and developing countries have shown that interventions that change mothers' care behavior (for example, the psychological aspect of care) can lead to improved cognitive development of children and can reduce instances of low birthweight [4] . A number of studies conducted on positive deviance have shown the effects of care on child nutrition. Positive deviance refers to examples of caregivers who are able to achieve better outcomes (here in terms of child health and nutrition) under adverse conditions. One such study demonstrated that the care practices of mothers in the intervention group were better than those of mothers in the comparison group in terms of meal frequency, feeding snacks, hygiene, and health-seeking behaviors
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B.H. Tran [8] . Younger children of these mothers also had better nutritional status [8] .
It is well known that the practice of care cannot be given without adequate care resources. In order to identify resources for care, one should also look at family members who are in the position to provide care, especially the father. Unfortunately, the role of the father in the family has been neglected in many countries [5, 9] . With regard to research on fathers' involvement, the strategy of male involvement in reproductive health and family planning has been successfully applied in many parts of the world since the 1990s. In 1995, a consultation on the role of men in families was organized by UNICEF, focusing on the importance of research concerning male involvement in health and development [10] . Lamb [11] identified four components of fathers' involvement. The first component is the "breadwinning" or economic contribution of the father. The second component is the father's "psychological and emotional support" for the mother of the children. The third is nurturing and taking care of children and being sensitive to their needs. The fourth component is the ethical and moral role of the father. It is important to note that the specific tasks involved in these different components of fathers' involvement change, depending on the age of the children.
In general, research has determined that a father's contribution to direct child care is approximately onethird of the mother's contribution [12] . In two-parent families, the time that a residential father contributes to direct child care is also less than that contributed by the mother, although the father's contribution was seen to increase during the 1970s and 1980s. During this period, both mothers and fathers were more involved in taking care of younger children [13] . Previous studies have shown that in two-parent families with young children and infants, fathers are directly involved in feeding, bathing, holding, talking and playing, putting the children in bed, changing diapers, and dressing the children [14] [15] [16] .
The present study was designed to test the main hypotheses regarding associations between fathers' involvement factors (housework, child care, and health care for children) and underweight and stunting. The research was carried out in the CHILILAB, a demographic surveillance system (DSS) located in Chi Linh District of Hai Duong Province, a rural district in northern Vietnam. The first baseline results confirmed that there was wide socioeconomic variation among the three townships and the four rural communes of the district. Malnutrition was still a significant problem in this district, with a prevalence of approximately 24%.
Methods
To answer the research questions posed in this study, a cross-sectional analytical design was used. This design allows hypotheses to be generated about causal relationships between the hypothesized independent (paternal involvement) and dependent (child malnutrition) variables under study.
Subjects
This analysis was based on the data from a sample of 547 households with children under 3 years of age (calculated at the time of survey) and their biological parents. Children and their parents were eligible for inclusion in the study if they were residents of the study district, were available at the time of the survey, and were willing to participate in the interviews.
Both fathers and mothers served as informants to provide information on fathers' involvement. Any household in which one of the two parents was absent at the time of the study, or was not able to communicate for health reasons, was excluded from the sample. One child was randomly selected from each household with more than one child under 3 years of age.
The original sample was obtained from stratified systematic random sampling. A calculation for a total original sample size of 582 children and 582 parent couples was based on the main hypothesis concerning the relationship between paternal involvement and the nutritional status of children using the formula for a hypothesis test for two population proportions (one-sided test) [17] . Where P 1 (malnutrition rate for the less involved group) was estimated as 0.24 and P 2 (malnutrition rate for the more involved group) was estimated as 0.15, the power and level of significance equal 0.80 and .05, respectively.
The general sampling frame was a list of 1,945 children under 3 years of age who had both parents at the baseline census from July to September 2004. Urban and rural strata were created, consisting of 1,020 and 925 subjects under 3 years of age, respectively. Two equal samples of 291 children each were then randomly chosen from the two sampling frames (stratified by urban and rural settings) with the use of the SPSS program 12.0. Parents whose children were chosen for the study were automatically eligible for the study.
Thirty-five households were excluded from this study because of complete migration of the entire household, partial migration (father or mother), or health problems of the father. The exclusions were then checked for frequency distribution by a descriptive analysis of the children in the sampling frame and the children selected. The geographic distribution of the final sample chosen was nearly the same as that of the sampling frame and the total population of children under the age of three in the CHILILAB surveillance system (data not shown).
Oral informed consent was obtained from the parents, and all parents agreed to participate. The study was reviewed and approved by the independent ethical institutional review board of the Hanoi School of Public Health.
Definition of variables
Basic indicators at the individual and household levels were considered as potential confounders or modifiers of the main model used to examine paternal involvement and child development. The place of residence was defined as either urban or rural. Household size was the total number of household members present at the time of the study. In this study, the family was defined as an extended one if there were grandparents living in the household (i.e., more than two generations), and a nuclear family was defined as a two-generation family. The presence of children in the household was measured by two variables: the number of children aged 5 or under and the number of children aged 6 to 12. A household assets score was used as a proxy indicator to measure household economic status; households were coded as 0 for lower economic status and 1 for higher economic status. Quintiles of the asset score were created and used as a proxy indicator for the economic status of the household. The quintiles were labeled as poorest (lowest), second (below average), third (average), fourth (above average), and fifth (highest) in successive orders of affluence. For the multivariable analysis in the next steps, we combined the quintiles into two categories labeled as lower economic status (by combining categories of "lowest" and "below average") and higher economic status (by combining categories of "average, " "above average, " and "highest").
Demographic information from the study participants was also included. The father's and mother's income in the household was determined by self-report, ranked from highest to lowest, and matched to participants with the same income level. The head of the household was identified on the basis of information in a booklet of household membership, which included the names of each family member, their profession, gender, date of birth, and role within the family. The booklet also identified the family member who was considered the head of the household. Basic demographic information collected for children included age (biological age from birthday to survey day), sex, and birth order. The child's attendance at a nursery was measured as a dichotomous variable coded as yes or no.
Independent variables
The variables used to measure paternal involvement in child care (specific to this study) were paternal involvement in daily child-care activities, involvement in health care, and indirect involvement by assisting with housework. Paternal involvement in daily child care was measured by calculating the time fathers spent during the previous week in direct involvement in five child-care activities: feeding the child, supporting his wife when she was feeding the child (e.g., holding the bowl, providing emotional encouragement, etc.), playing or joking with the child, putting the child to bed, and bathing the child. The Cronbach alpha of the fiveitem scale was 0.5. Because the continuous variable was positively skewed, a log scale was used to transform the time fathers spent in child-care activities.
Paternal involvement in providing health care for small children was measured by two variables. The first variable was whether the father was involved in caring for the child when the child was sick. The second variable was whether the father brought the children to health facilities for immunization. Both variables were coded as yes or no.
Paternal involvement in housework, the measurement of domestic workload sharing by fathers with their wives, was measured by calculating the amount of time fathers spent during the previous week doing household chores and caring for older children (if they were present).
The validity of paternal self-reports about their involvement was assessed by examining the concordance in reporting by fathers and mothers regarding paternal involvement in daily child care, housework, and other activities. The McNemar chi-square test was used to assess this concordance. If the total results of the 16 tests that were carried out were considered, it might well be that two items ("father sleeping with the child" and "father bringing the child for immunization") were significant by chance alone. It was concluded that the information reported by the father was the same as that reported by the mothers (data was not shown).
The results of these concordance tests also indicate that the social desirability bias, which could potentially have influenced this study, was successfully controlled in the design and implementation phases of the research. These tests led the researchers to believe that accurate information on paternal involvent in child care can be directly obtained from fathers.
Dependent variables
Underweight and stunting were used as two representative indicators of the nutritional status of children. Children were classified as underweight or stunted if their weight-for-age or height-for-age z-scores, respectively, were < 2.
Data collection
Much of the basic indicator data used in this study was obtained from the DSS-CHILILAB baseline census. Information in this census was mainly reported by the head of the household. It was assumed that this information did not change significantly between the time when the baseline study was conducted (July to September 2004) and October 2004, when this study was conducted.
In this study, we recruited and collected data from fathers, mothers, and children. These groups of study participants served as independent sources of information on topics related to the research questions of this study. Since we wanted the sources of information to be independent, the research teams responsible for collecting the information were kept independent. Faceto-face interviews were conducted in the household during household visits. Separate interviews conducted on the same day were used to collect information separately from the mother and the father of the child.
Measurement of weight, height, and mid-upper-arm circumference was performed by a professional measurement team from the National Institute of Nutrition in Vietnam. Weight and height were measured according to United Nations and World Health Organization (WHO) guidelines [18] . Height was measured with a Shorr measurement board with a precision of ± 1 mm with the child either standing or lying. Weight was measured with UNICEF Seca 890 floor scales with a capacity of 1 to 150 kg, a graduation of 100 g, and a precision of ± 100 g. Before the children were measured, all three scales were standardized with the use of a more precise (± 10 g) TESTUT scale.
Data analysis
Descriptive analysis was performed to describe all independent and dependent variables needed for testing the study hypotheses. Information on the household's profile (e.g., place of residence, family system [extended vs. nuclear], economic status) and the basic demographic indicators of the parents and children was also analyzed and summarized.
Multivariable analysis
Principal component analysis was applied intensively in the development of composite variables, such as the asset score as a proxy indicator for economic status of the household. A combination of stepwise approaches (with high probability of entering and exclusion) and hierarchical approaches (hierarchical approach based on the guidance of the conceptual framework) were used in the process of modeling to build a model that could best explain the associations between predictors and response variables. As a main effect model was established, interaction terms between main effect variables were tested one by one in the main effect model for development of a full model with interaction terms. Normally, a traditional significance level of p = .05 was considered to retain the interaction terms in the model. The basic multivariable mathematical equation for testing the hypotheses under study can be presented as follows:
where E(Y) = z-score of nutritional status (in case they were used as continuous variables) β 0 = constant β i = coefficients for men's involvement indicators (from i to k indicators) X i = men's involvement indicators (from i to k indicators) β j = coefficients for control variables X j = control variables (from j to l indicators) β I = coefficients for interaction terms θ I = interaction terms
Results

Sample characteristics
There were about four times as many nuclear families (78.4%) as extended families (21.6%) among the 547 households in the study. The proportion of households of higher economic status was 36.6%. The fathers ranged in age from 19.7 to 58.6 years. The age of the father at the time when his first child was born (age at parenting) ranged from 18.7 to 49.2 years. The percentage of households headed by fathers was 71.5%. Of the remaining households, 13.3% were headed by mothers and 15.2% were headed by others. Among mothers in the study, 64.4% had a low level of education (ranging from illiteracy to a maximum of secondary school), and 55.2% were employed in agricultural work (both coded as 0). Of the 547 children who participated in the study, 280 were male and 267 were female. The mean age of the children was 18.69 ± 9.4 (SD) months. The children ranged in age from 1.74 to 35.90 months.
With regard to paternal involvement, the mean and median of the transformed time scale (the time father spent in child-care activities) were nearly equal at 6.52 ± 0.94 (SD) and 6.56, respectively. As shown in table 1, fathers were involved in several activities, including housework (77.8%), taking care of sick children (67.0%), and bringing children to health facilities for immunization (73.6%).
With regard to malnutrition, among the 540 children in the study (4 were excluded because they were outliers and 2 were unable to participate in anthropometric assessment), the overall prevalence of underweight was 19.1% and the prevalence of stunting was 14.4% (table 1). In contrast to stunting, the overall prevalence of wasting was 4.6%. Because the prevalence of wasting was low, this indicator was not used in multivariable analysis.
Associations between basic factors and malnutrition
A stepwise approach was used to build two models of basic variables (13 variables regarding household, parent, and child domains) for predicting underweight and stunting. The probabilities for entry and exclusion of variables were set at 0.20 and 0.25, respectively. The model at step 3 of the procedure was chosen. The same variables and procedures were applied to establish the two equations predicting underweight and stunting.
As presented in table 2, according to the model for predicting underweight children, household economic status and age of the child were strongly associated with underweight among children. Low household economic status was associated with a higher likelihood of underweight (twofold) than high economic status (prevalence odds ratio [POR] = 2.1, p = .005).
In the model predicting stunting (table 2), only child's age and mother's occupation were significantly associated with stunting (p < .05).
Associations between paternal involvement and underweight
As shown in table 3, a full model was developed (the Hosmer-Lemeshow test results were not significant, with p = 0.67) that included the main effect variables representing paternal involvement and one interaction term between paternal involvement in housework and place of residence. After child's age, household economic status, and mother's education had been controlled for, lack of paternal involvement in providing access to preventive health care for children was still significantly associated with underweight among children (POR = 1.75, p = .025).
Although other factors of paternal involvement (table 3) were not significantly associated with the prevalence of underweight, they all showed a tendency to reduce the likelihood of the child's being underweight.
On the basis of the information presented in table 4, if place of residence was considered to be a moderator variable and paternal involvement in housework was considered to be a focal independent variable, the direction of the effect on underweight was different. The larger positive coefficient of association between "not involved" and underweight in children was found in the urban setting.
Associations between paternal involvement and stunting
In the model developed for testing paternal involvement and child stunting, paternal involvement in child care and housework was not associated with stunting. However, two factors representing paternal involvement in child health-involvement in caring for a sick child and bringing the child for immunization shotswere associated with stunting, with p values equal to .06 and .03, respectively. In the model presented in table 5 (the Hosmer-Lemeshow test result was not significant, with p = 0.71), two factors related to paternal involvement in child health were associated with stunting of children under the age of three, after child's age and household economic status had been controlled for (POR = 1.62 for the association between "not taking care of child during illness" and stunting, and POR .74 for the association between "not bringing the child for immunization" and stunting; p = .07 and .04, respectively). The associations shown in table 5 indicate that children whose fathers were not involved in providing health care were about 1.7 times more likely to be stunted than children whose fathers were involved in these activities. Paternal involvement in housework and daily child care was not significantly associated with the prevalence of stunting.
Discussion and conclusions
The presence of a male partner and high educational status of the father were shown in multivariable analyses to be protective factors against underweight for children under 5 years of age [19, 20] . Our study used a multivariable logistic regression model that included different factors related to paternal involvement in daily child care, housework, and child health. This model showed that lack of the involvement of fathers in bringing the child for immunization was significantly associated with underweight after child's age, residence (urban vs. rural), household economic status, and mother's education had been controlled for. In Vietnam, especially in rural areas, preventive health services (mostly immunization) in the districts are often provided early in the morning on one fixed day each month. On this day, the child can receive immunizations and other preventive services, including growth monitoring, vitamin A supplements, and Paternal involvement and child malnutrition in Vietnam consultation on nutrition and childhood diseases such as respiratory infections. These comprehensive preventive health services are designed to protect children from infectious diseases and to indirectly maintain and improve the nutritional status of children [21, 22] . Active involvement of fathers in bringing children to the community health centers for immunization in the early morning can facilitate the children's timely access to various services. Timing is critical to help ensure that immunizations generate the proper immune response to the vaccine. In predicting underweight, the interaction between paternal involvement in housework and place of residence was found to be significant in the model. In urban areas, children whose fathers were not involved in housework were more likely to be underweight. The association between lack of paternal involvement in housework and underweight was not found to be significant in rural areas. It may be that the involvement of fathers in housework in busy urban households gives mothers more time to take care of the children and thus reduces the likelihood that the children will be underweight. In the multivariable logistic regression model, child's age and household economic status were included as control variables and also as independent predictors, together with other factors, to predict underweight.
Stunting has been widely considered to be an important indicator of malnutrition, indicating a chronic form of the disease. In the same model, in which stunting was the dependent variable, factors related to paternal involvement in child health (not bringing the child for immunization and preventive services) were significantly associated with stunting. When fathers were involved in taking care of children's health, the children were at a lower risk for developing the disease, and as a result, the children's nutritional status was maintained and improved. This explanation of the relationship between disease and malnutrition is supported by various reports in the literature and is widely accepted in the area of child malnutrition [1] . However, paternal involvement in child care and paternal involvement in housework were not significantly associated with the prevalence of stunting. Because there is still no comparable study of this issue, it is suggested that it should be examined in future studies.
Limitations of the study
Because the study was cross-sectional in design and was carried out to investigate a new topic in a new context, several limitations need to be considered when interpreting the study results. Because the study was not experimental, causal relationships between independent and dependent variables of the tested hypotheses cannot be established. In addition, it is possible that the very act of participating in the study may color the participants' answers to the interview questions. This is somewhat similar to the famous Hawthorne effect, where an intervention in either a positive or a negative direction produces the same effect. Although the present study did not utilize a specific intervention, it is still possible that the very act of measurement affected the validity of the responses. As previously mentioned, we were concerned about the possible effects of the social desirability bias, in which the interviewee responds with an answer that is considered to be more socially acceptable. Because we did not directly measure these potential biases, we cannot completely discount their potential effect on our results; thus, we recommend caution in interpreting the study findings.
Policy implications for Vietnam
Health program directors and managers should try to foster the involvement of both fathers and mothers in child care. Paternal involvement in bringing the children for immunization should be an integral component and strategy of the immunization program and should also be encouraged by managers of the program. This may help to redirect more resources for care to mothers including involvement of men in helping them to maintain good care practices.
